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Minutes for the Joint Users Resource Allocation Planning Committee Meeting held

August 17, 2006.
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The Joint Users Resource Allocation Planning Committee meets monthly to review the status of
Flight Projects, the requirements of other resource users, and to identify future requirements and
outstanding conflicts. The previous meeting was held on June 15, 2006 at the Jet Propulsion

Laboratory.

Introductory Remarks — D. Morris

Welcomed the attendees to the JURAP meeting and announced that this JURAP meeting would
include a presentation from B. Williams on the Messenger Maneuver Plans and T. Taylor on the
New Horizons Maneuver Plans. Other presentation includes A. Andujo on RARB Review

Recap for 2007 — 2009.



JURAP Distribution -2- June 28, 2006

SPECIAL PRESENTATION

Messenger Venus Flyby #1 Presentation — Tony Taylor

Explanation of the TCM required to put the Messenger S/C in correct orbit path for the Venus
flyby to occur on October 24, 2006. TCM 11 is scheduled to occur September 19 (35 days
before flyby) and TCM 12 is scheduled for October 12 (12 days before flyby). After the Venus
flyby, the major concern is to conserve fuel to make sure it is sufficient to get to Mercury.

For complete presentation detail, please refer to link: http://rapweb.jpl.nasa.gov/jurap.html

New Horizons Navigation Status Presentation — Eric Carranza, Jim Miller, Bobby Williams

Explanation of NAV Accomplishments since Launch, Launch Vehicle Errors and TCM
Summary, DSN Doppler Residuals and Small Forces.

For complete presentation detail, please refer to link: http://rapweb.jpl.nasa.gov/jurap.html

Resource Allocation Review (RAR) 2007-2009 Recap— Art Andujo

Summary of the virtual Resource Allocation Review, the Process followed and responses from
all Missions and Projects. A brief overview of the Mission Set, Periods of Contention, Events,
Recommendations, and Analyses included the note that all projects agreed to the proposed
recommendations. Presently the DSN is proposing closure of the 26 meter subnet at the
beginning of FY2009 (October 1, 2008). Due to heavy loading in late 2008 and a
recommendation to keep DSS-46 and DSS-66 open past October 2008, an action item was
introduced to clarify the extended need dates for the overseas 26 meter antennas.

Resource Analysis Team

Changes to 2006 Downtime Schedule

- DSS-15 ADCR has been moved to week 38 due to STA/B Launch Slip, will be moved to
another date if STA/B slipped again.

- DSS-45 maybe shifted to a different week also due to STA/B Launch Contingency.

- DSS-14 requested for 3 days downtime for life maintenance that will last through 2009.

For a complete listing of Antenna Downtimes, visit the following link for the RAPSO website:
http://rapweb.jpl.nasa.gov/planning.htm

Mid-Range Status — A. Almeda
- Weeks 35 — 38 contentions due to STA/B Launch Slip to week 38 (NET September 18)
Ongoing Special Studies / Activities

- Downtime Planning
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MESSENGER Venus Flyby #1

JURAP
August 17, 2006

Navigation
Tony Taylor

KinetX, Inc.
Phone Number: (805) 520-8538
Email:




~‘%m< MESSENGER

Navigation Agenda

® Heliocentric Trajectory

® Venus-1 B-plane History

® Venus-1 Delivery Contours

® Conjunction Effects on Nav

® TCM dates

® Nav Timelines for TCMs-11, 12
® VVenus-1 Nav Tests

Auqgust 17, 2006 JURAP MSGR Venus 1 2



MESSENGER

Heliocentric Trajectory

(before Venus Flyby 1)
Earth to Venus

(after Venus Flyby 1)
Venus to Mercury

Earth
Orbit
Venus
Orbit
///’-'/ .‘ xh‘\ N,
i i \k'\
i A"
' \\
f b \.\
'l \ \
[ 1 \
Sun [ Sun @ Mercury Fle!.‘ 1
¢ TCM 12 i |
A- 3% Sun-Earth-S/C angle DSM 2 ‘ ]
v I | Venus Flybys |
[ enus Flyby ' /
G | \ 1and 2 Mercury /
\ Orhit ;‘
\ /
- r
\/\Q" Sun-Earth-S/C angle //
9 e
Launch “IEM 113_—~~
v/ Earth Flyby
DSM 1 DSM2 DSM 3 DSM 4 DSM 5
e @) D : |
¢ & a—a "0 . J ;
8/03/04 8/02/05 10/24 /06 6/6/07  1/14/08 10/6/08 9/30/09
Earth Earth Veni us Venus Mercury Mercu Mercury
- -
2.7 S/C orbits of the Sun 2.4 S/C orbits of the Sun

DSM = Deep Space Maneuver

MOI = Mercury Orbit Insertion

Auqgust 17, 2006

JURAP MSGR Venus 1



,Lv&{ MESSENGER

Venus-1 B-plane History
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MESSENGER

Venus-1 Delivery Contours

KINETX

Mission A-V Cost [m/s] versus Delivery Error

-50

40} ® (Cost contours for re-optimized

trajectories after flyby

® 1-sigma error ellipses for TCMs-11 &
12 deliveries shown

® Biased aimpoint moves delivery
away from steeper gradients on
lower left side

® Contours verified independently:

— Two different programs: Lambic and
Cato

— Two different organizations: KinetX
and APL.
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| Conjunction Effects on Nav

® Potentially large excursions of Doppler/Ranging Values due to varying plasma flux Q’

— Independent of signal power
— Episodic and unpredictable

KINETX

® Inbound: TCM-12 DCO (Data Cut-Off) at V1-16d, 6.4 deg SEP. De-weighting late
data as necessary, TCM12 design relatively unaffected

¢ Qutbound: Very slow exit, with SEP < 6 10
deg until V1+111d. TCM13 & 14 designs ;
subject to some OD error

— Mitigation:
» TCM13 moved later to allow
DCO 20d beyond SEP=3 deg

» "Signal" resulting from flyby
error will dominate plasma
noise.

e If MESSENGER experiences the same Doppler
noise as Magellan did in 1990 (Venus orbit, X-

band) ‘

Doppler 1-c Noise [mm/s, 1 minute measurements]
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MESSENGER

TCM Dates
* TCM-11 19 Sep 2006 V1-35d
®* TCM-12 12 Oct 2006 Vi-12d
®* TCM-13 12 Dec 2006 V1+49d
* TCM-14 23 Jan 2007 V1+91d
®* TCM-15 25 Apr 2007 V2-42d
* TCM-16 25 May 2007 V2-12d

Auqgust 17, 2006 JURAP MSGR Venus 1 7



MESSENGER
Nav Timeline for TCM-11

Evegt Date Events
relative
V1-55d Wed, 30 Aug 2006 TCM-11 Preliminary design
TCM-11 DCO 2 weeks before execution
v1-49d Tue, 5 Sep SEP = 22 deg
v1-48d Wed, 6 Sep TCM-11 Design
Vv1-35d Tue, 19 Sep TCM-11
G&C Telemetry results to Nav (e.g., SFF &
vi-33d Thu, 21 Sep G&C estimate of maneuver)
vV1-33d Thu, 21 Sep Post-TCM-11 ephemeris to MOC/DSN

Auqgust 17, 2006 JURAP MSGR Venus 1 8



MESSENGER
Nav Timeline for TCM-12

Eveqt Date Events

relative

V1-20d Wed, 4 Oct TCM-12 Preliminary design
TCM-12 DCO and Design 4d before

vi-léd Sun, 8 Oct execution. SEP = 6.4 deg

vli-12d Thu, 12 Oct TCM-12

Vv1-10d Sat, 14 Oct G&C Telemetry results to Nav

vV1-10d Sat, 14 Oct Post-TCM-12 Ephem to MOC/DSN
Begin solar conjunction

Vv1-7d Tue, 17 Oct SEP < 3 deg

vV1l-4d Fri, 20 Oct Final flyby ephemeris to MOC/DSN

V1-0d Tue, 24 Oct Flyby

Auqgust 17, 2006 JURAP MSGR Venus 1 9



b ¢ MESSENGER

“~.Venus-1 Approach Nav Tests

e ADOR (@8

— Measures S/C direction directly, largely independent of S/C dynamics,
media and earth platform errors

— Independent measurements will verify Doppler and Ranging solutions
during approach for close encounters at V2 (300 km), and Mercury (200
km)

— Two tests in July, 6 more on V1 approach (26 Sep — 10 Oct)

» Not intended for operational use at V1
» Develop and verify procedures (and utility s/w as necessary)
» Validate accuracy against Doppler/Ranging in reconstruction solutions

® Optical Navigation
— Unlike radiometric data, OpNav ties S/C directly to target body

— 8 opportunities scheduled from 23 Aug to 5 Oct on approach to V1
» |ntended to develop strategies and processes for Mercury encounters
» |nsufficient accuracy for Venus flybys because of atmosphere

Auqgust 17, 2006 JURAP MSGR Venus 1 10



DSN JURAP Meeting
August 17, 2006

New Horizons Navigation Status

Eric Carranza
Jim Miller
Bobby Williams

KinetX, Inc., Space Navigation and Flight Dynamics
(805) 520-8827
Email: Eric.Carranza@kinetx.com

Bobby.Williams@kinetx.com
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Outline of Presentation

e NAV Accomplishments since Launch

 Launch Vehicle Errors and TCM Summary

DSN Doppler Residuals and Small Forces

Summary

KinetX, Inc. Navigation New Horizons JURAP August 17, 2006 Slide 2 of 23



Accomplishments since Launch @

e+ Delivered 16 predict trajectories for Launch
support for initial acquisition

 Used ~96% of radio metric tracking data passes
In the Orbit Determination Solutions

 Delivered 32 trajectory solutions to MOps & DSN
for flight operations support so far

 Delivered 2 SOC trajectory solutions to the
Science Team

e Reconstructed TCM-01A, TCM-01B and TCM-03
(TCM-02 was cancelled)

e Supported NH flyby of Asteroid 2002 JF56 on
June 13, 2006

New Horizons JURAP August 17, 2006



New Honizons Current Position

Distance from Sun (AU): 522 Heliocentric Velocity (km/s): 2<

L

ce from Jupiter (AU
m Pluto (AU):
15 PEO0000UTC
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Summary of LV Errors & TCMs

« Launch Venhicle Injection Errors < 1-sigma
— Delta-Vinr +3.72 m/s (ODO013)

« TCM-01A ~6.0% Under-burn (OD013)

— Nominal 5.00 m/s Performed 4.70 m/s
« TCM-01B ~6.4% Under-burn (OD013)

— Nominal 13.36 m/s Performed 12.51 m/s
e TCM-02 Cancelled
e« TCM-03 ~0.01% Over-burn (OD018)

— Nominal 1.16 m/s Performed 1.16 m/s

e TCM-04 October 18, 2006
e TCM-05 February 8, 2007
« TCM-06 February 23, 2007

o Jupiter Flyby February 28, 2007
« TCM-07 March 15, 2007
« TCM-08 ~April 24, 2007

KinetX, Inc. Navigation New Horizons JURAP August 17, 2006 Slide 5 of 23



Delta-V Cost (m/s) vs. Jupiter Delivery

Errors
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2-way Doppler Residuals with Un-modeled
Attitude Maneuvers (overview)
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2-way Doppler Residuals with Un-modeled
Attitude Maneuvers

Aidet C=1 G=T N=3312 MNM=-6.688932 R=16.4132 5=14.9H8Z

+30.0

+30.0 4

+20.0 A

(x18.,18)
H
(]
O
ol
&
&

g

1

= +

(| (]

[ [
=

3

"

2
8
&

1

ra

O

O
1

-30.0 - el
J

-40.0 A

E-03-27 Os-04-30 Oe-06-04 ]

crl15:26 Z0:1%:268 O04:15:268 1
Time

KinetX, Inc. Navigation New Horizons JURAP August 17, 2006 Slide 8 of 23

d
1

M=
=l
oy
o
Mg T



2-way Doppler Residuals with Attitude
Maneuvers Modeled (Close Up)
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Summary @

e Currently ~1,300 km off B-plane target and
~125 sec off C/A time (OD025)

* Preliminary design of TCM-04: ~24 cm/sec

« Two Post-Launch Operations issues exist
— residual delta-V during attitude control thrusting
— Sspacecraft attitude modeling

« NAV working with APL to remedy Issues

e EXxpecting to receive predicted small force
Interface file and predicted spacecraft attitude
Interface file from APL later this month

KinetX, Inc. Navigation New Horizons JURAP August 17, 2006 Slide 10 of 23



NASA JOINT USERS RESOURCE ALLOCATION AND

PLANNING COMMITTEE

__JdPL

Resource Allocation and Planning Services
DSN Downtimes Proposals

2007
DSS-34, DSS-45, DSS-46

Presented by:
Art Andujo

09/15/2005



__JdPL

PLANNING COMMITTEE

JOINT USERS RESOURCE ALLOCATION AND

January February March April May June Jul August September | October November December
Weeks | 1] 23] 4] 5] 6] 7] 8] 9 10[11]12]13]14] 15 17] 18] 10]20]21] 22 23] 24 [N 26] 27] 28 32| 33] 34] 35] 36] 37| 38] 39| 40] 41] 42| 43| 44] 45| 46| 47[ 48] 49 50 51 52
MRO Prime Science
[ | ULYS Nutation
ULYS S. Polar Pass | |[MSGR Venus Approach and Flyby #2 [ | [MSGRDSM2 | ULYSN. Polar Pass
|GSSR VK1991 ES-O Launch X Launch/TCM1/TCM2|PHX TCM3/TCM4
| MEX Occultation [GSSR Mercury | |
[NHPC Jupiter Approach [NHPC Jupiter Departure [GSSR Mercury [NHPC Checkout | [NHPCTCM
2007 NHPC Jupiter Flyby, Checkout [WMaP TCM [WMAP TCM [GSSR 2340 Hathor
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Project [ROSE Mars Swingby | n Launch |SELE LOI
Events IWMAP TCM SOHO Keyhole [SOHO HSO Continuous
| SOHO Keyhole SOHO Keyhole
SOHO Keyhole [VEX Occultation 3 IEX Occultation 3 |
VEX Occultation 3 |VEX Occultation 3 ROSE Earth2 Swingby and Support
VEX Movie | | [VEX Bi-Static Radar 7 i
EX Bi-Static Radar 4 [VEX Occultation 3 EX Bi-Static Radar 5 [VEX Bi-Static Radar 6 VEX Bi-Static Radar 8
VEX Bi-Static Radar 9
-~ Di6Extendedbowntime |
GDSCC
routing and Painting D46 Hydraulics
D43 20kW S-Band Transmitter - NIB

CcbhsccC .4 Painting - Proposed D45 ADCR
Painting - Proposed -NIB
-6 Painting - Proposed
D66 Hydraulics
MDSCC D65 ADCR
D63 Hydrostatic Bearing

NIB - D65 DLM NIB - D63 DLM
weeks [ 1] 2] 3] 4[5 6] 7] 8] o]10]11]12]13]14]15]16]17]18]19]20] 21] 22 23] 24] 25] 26] 27] 28] 29] 30[ 31 ] 32 33] 34] 35] 36] 37[ 38] 39| 40] 41] 42] 43] 44] 45] a6 [ 47 48] a9] 50 51] 52
Revised: August 14, 2006
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JOINT USERS RESOURCE ALLOCATION AND
PLANNING COMMITTEE

2007 Proposed Downtimes

€ DSS-34 to schedule 3 days during daylight hours for maintenance
cleaning and painting. Proposed for Week 03 DOY 018 — 020 ~2100 —
0700UTC.

€ DSS-45to schedule 4 days during daylight hours for maintenance
cleaning and painting. Proposed for Week 07 DOY 045 — 049 ~2100 —
0700UTC.

€ DSS-46 to schedule 4 days during daylight hours for maintenance
cleaning and painting. Proposed for Week 14 DOY 093 — 096 ~2100 —
0700UTC.

09/15/2005 NI — 01



JURAP

Events, Recommendations and Impact
2007 — 18 January — 20 January (Week 03)

DSS-34 EVENTS

Cassini Tour
Chandra
CLU2 1/2/3/4 SSO

Mars Reconnaissance Orbiter Prime Science

Messenger Cruise
STA Prime Science
STB Prime Science
Ulysses South Polar
Voyager 2

wind

09/15/2005 N| — 0?2



JURAP
Events, Recommendations and Impact

2007 — 18 January — 20 January (Week 03)

DSS-34 Mission Impact

The proposed downtime for week 03 impacts the following projects:

— Cassini Tour

— Chandra

— CLU2 1/2/3/4 SSO

— Mars Reconnaissance Orbiter Prime Science
— DSS Maintenance at DSS-34
— MER1/MER2 D/L & U/L

— Messenger Cruise

— STA Prime Science

— STB Prime Science

— Ulysses South Polar

— VGR2

— Wind

09/15/2005 NI — 05



JURAP
Events, Recommendations and Impact
2007 — 14 February — 18 February (Week 07)

DSS-45 EVENTS
CLU2 1/2/3/4 SSO

Mars Reconnaissance Orbiter Prime Science
New Horizons Delta DOR

VGR2

Wind D/L

Cassini Tour

09/15/2005 NIl — 06



JURAP

Events, Recommendations and Impact
2007 — 14 February — 18 February (Week 07)

DSS-45 Mission Impact

The proposed downtime for week 07 impacts the following projects:

— Cassini Tour

— DSS Maintenance at DSS-45
— MER1D/L & U/L

— MER2 D/L & U/L

— MRO Prime Science

— NHPC

— VGR2

— Wind D/L

09/15/2005 NI =11



JURAP
Events, Recommendations and Impact

2007 — 02 April — 06 April (Week 14)

DSS-46 EVENTS
ACE

CHDR

CLUZ2 1/2/3/4 SSO
GTL

SOHO

09/15/2005 NI =12



JURAP

Events, Recommendations and Impact
2007 — 02 April — 06 April (Week 14)

DSS-46 Mission Impact
The proposed downtime for week14 impacts the following projects:

— ACE

— CHDR

— SOHO

— GTL

— Cluster2 1/2/3/4 SSO

— DSS Maintenance at DSS-46

09/15/2005 Nl — 16
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